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Abstract 

Background  Cognitive dysfunction is one of the leading causes of disability and dependence in older adults and is a 
major economic burden on the public health system. The aim of this study was to investigate the risk factors for cog-
nitive dysfunction and their predictive value in older adults in Northwest China.

Methods  A cross-sectional study was conducted using a multistage sampling method. The questionnaires were 
distributed through the Elderly Disability Monitoring Platform to older adults aged 60 years and above in Northwest 
China, who were divided into cognitive dysfunction and normal cognitive function groups. In addition to univariate 
analyses, logistic regression and decision tree modelling were used to construct a model to identify factors that can 
predict the occurrence of cognitive dysfunction in older adults.

Results  A total of 12,494 valid questionnaires were collected, including 2617 from participants in the cognitive 
dysfunction group and 9877 from participants in the normal cognitive function group. Univariate analysis revealed 
that ethnicity, BMI, age, educational attainment, marital status, type of residence, residency status, current work status, 
main economic source, type of chronic disease, long-term use of medication, alcohol consumption, participation 
in social activities, exercise status, social support, total scores on the Balanced Test Assessment, total scores on the Gait 
Speed Assessment total score, and activities of daily living (ADL) were significantly different between the two groups 
(all P < 0.05). According to logistic regression analyses, ethnicity, BMI, educational attainment, marital status, resi-
dency, main source of income, chronic diseases, annual medical examination, alcohol consumption, exercise status, 
total scores on the Balanced Test Assessment, and activities of daily living (ADLs) were found to influence cognitive 
dysfunction in older adults (all P < 0.05). In the decision tree model, the ability to perform activities of daily living 
was the root node, followed by total scores on the Balanced Test Assessment, marital status, educational attainment, 
age, annual medical examination, and ethnicity.

Conclusions  Traditional risk factors (including BMI, literacy, and alcohol consumption) and potentially modifiable risk 
factors (including balance function, ability to care for oneself in daily life, and widowhood) have a significant impact 
on the increased risk of cognitive dysfunction in older adults in Northwest China. The use of decision tree models 
can help health care workers better assess cognitive function in older adults and develop personalized interventions. 
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Introduction
The pathological stages of cognitive impairment range 
from mild cognitive dysfunction to dementia [1], and 
its main clinical manifestation in patients is a decline in 
memory function. A study predicted that there would be 
83.2 million cases of cognitive impairment among elderly 
individuals worldwide by 2030 [2]. The prevalence of 
cognitive dysfunction in China was as high as 15.54% in 
2020, accounting for a total of 38.77  million people [3]. 
One meta-analysis reported that the pooled prevalence 
of dementia was highest in western China (9.6%), inter-
mediate in northern China (5.4%), and lowest in central 
(3.8%) and southern China (3.7%) [4]. Cognitive dysfunc-
tion in older adults is affected by a variety of factors, such 
as age, social interaction, mental health (PWB), lifestyle, 
personality traits, and indoor air pollution exposure [5–
7]. Studying the factors influencing cognitive functioning 
in older adults is important for preventing and manag-
ing cognitive impairment diseases and improving the 
health and quality of life of older adults in terms of cog-
nitive functioning. Therefore, logistic regression analysis 
models are often used in combination with decision tree 
models to improve analytical efficacy [8, 9].

Despite important advances in the study of cogni-
tive dysfunction in older adults, there is still a need for 
further exploration of the factors influencing cognitive 
dysfunction in older adults globally. For example, the 
sample sizes in some studies are relatively small and 
may not be sufficiently diverse to represent the entire 
population of older adults [10]. There are limitations in 
terms of sample size when using decision tree model-
ling, thus potentially limiting the generalizability of the 
findings. In addition, previous studies have not consid-
ered a wider range of potential influencing factors in 
the modelling process, which may affect the predictive 
accuracy of the model [11]. In the present study, with 
sufficient samples, the inclusion of indicators was more 
comprehensive not only for the inclusion of potential 
risk factors for cognitive functioning in older adults but 
also for the inclusion of traditional risk factors, such as 
balance test, gait speed assessment, and physical func-
tioning assessment scales (e.g., self-care in daily life). In 
addition, the factors influencing cognitive dysfunction 
in older adults may vary across cultural backgrounds 
and geographic regions. Therefore, cross-cultural 
research on a global scale is crucial for a more com-
prehensive understanding of the factors influencing 

cognitive dysfunction in older adults. The purpose of 
this study was to analyse the factors affecting cogni-
tive dysfunction in older people with different charac-
teristics through the joint use of a decision tree model 
and a logistic regression model. This study provides a 
reference for meeting the differentiated and diversified 
service needs of elderly people and for health care pro-
fessionals to develop targeted interventions for cogni-
tive dysfunction in elderly people in Xinjiang.

Materials and methods
Research design
In this study, data from 8 tertiary hospitals, 9 second-
ary hospitals, 7 community health service centres and 
8 elderly care facilities in 4 regions (the southern Xin-
jiang region, northern Xinjiang region, eastern Xinji-
ang region and Uchang region) of the Xinjiang Uygur 
Autonomous Region of China were selected for cross-
sectional study using a multistage sampling method.

Participants
The Elderly Disability Monitoring Platform (EDMP) is 
a platform for older people aged 60 years and above in 
China. The platform was used by researchers to collect 
detailed demographic information and conduct cross-
sectional surveys on the five dimensions of vision, hear-
ing, walking, sound composition and cognition among all 
older adults. Participants recruited between 6 December 
2021 and 8 June 2023 were included in this study. The 
inclusion criteria were as follows: ① ≥ 60 years of age 
and ② good communication skills. The exclusion criteria 
were as follows: ① suffering from schizophrenia, depres-
sion or other mental illnesses; ② unable to cooperate 
with the physical function survey (e.g., finished); ① suf-
fering from schizophrenia, depression or other mental 
illnesses; ② inability to cooperate with the physical func-
tion survey (e.g., completely disabled); and ③ experienc-
ing the acute stage of illness (e.g., surgery).

Ethical principles
The study was based on the principles of the Dec-
laration of Helsinki. All patients provided informed 
consent, and the study was approved by the Beijing 
Hospital Ethics Committee (2021BJYYEC-325-01).

Further research could help to gain insight into the mechanisms of cognitive dysfunction and provide new avenues 
for prevention and intervention.
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Research tools
General information questionnaire
This questionnaire assessed sex, height, weight, date of 
birth, ethnicity, religion, education level, marital status, 
number of children, type of residence, current employ-
ment status, type of health insurance, monthly household 
income, main source of income, types of chronic diseases, 
types of long-term medications used, alcohol consump-
tion, smoking status, annual medical check-ups, partici-
pation in social activities, physical exercise, and social 
support. Body Mass Index (BMI) is a common interna-
tional standard for measuring the degree of fatness and 
thinness of the human body and whether it is healthy 
or not. The formula is: BMI = weight/ height2 (weight in 
kilograms; height in meters).According to WHO’s BMI 
classification criteria, BMI ≥ 28 (obese), 24 ≤ BMI < 28 
(overweight), 18.5 ≤ BMI < 24 (normal), < 18.5 (peak).

Cognitive function
Cognitive function was assessed using the Mini-Mental 
State Examination (MMSE), which was developed by 
Folstein et al. [12] in 1975 and consists of items regard-
ing time and place orientation, immediate memory and 
recall, attention and calculation, and language and visu-
ospatial structural abilities, with a total possible score 
of 30 points. The higher the score is, the better an indi-
vidual’s cognitive functioning. Normal cognitive func-
tion is indicated by scores > 24 points (secondary school 
education and above), > 20 points (primary school educa-
tion) and > 17 points (illiterate); otherwise, an individual 
is considered to have cognitive dysfunction. The Chinese 
version of the MMSE was developed by Wang Zhengyu 
et al. [13] in 1989, with a test-retest reliability of 0.91.

Ability to perform activities of daily living
Basic activities of daily living (BADL) and instrumental 
activities of daily living (IADL) are included in activities 
of daily living. The ability to perform BADL was evaluated 
by the Barthel Index (BI), a scale constructed by Mahoney 
and Barthel [14] in 1965 that consists of 10 items. The 
scale has a total possible score of 100, with higher scores 
indicating a greater ability to perform BADL. A total 
score of < 40 was classified as severe dependence, a score 
of 41–60 was classified as moderate dependence, a score 
of 61–99 was classified as mild dependence, and a score 
of 100 was classified as no dependence. The ability to per-
form IADL was measured by the Instrumental Activities 
of Daily Living (IADL) Competence Scale, constructed 
by Lawton et al. [15] in 1965, which contains 8 items and 
has a total possible score of 0–24; higher scores indicate 
a greater ability to perform IADL. A total score of 24 was 

considered to indicate no ability. A total score of 24 was 
considered to indicate a lack of IADL dependence; other-
wise, the score was considered IADL dependent.

Balance
 Balance, walking speed and muscle strength were 
assessed using the Short Physical Performance Battery 
(SPPB), which was developed by the National Center on 
Aging at [16] and consists of three dimensions to meas-
ure balance, walking speed and muscle strength in older 
adults. The balance test consisted of two-legged combined 
standing, semi-anterior-posterior standing, and anterior-
posterior standing, with two-legged combined standing 
and semi-anterior-posterior standing scoring as follows: 
1 point for > 10 s, 1 point for 3 to < 10 s, and 2 points for 
10 s. The step speed test was a 2.44-m walking speed test, 
scored as follows: 1 point for a speed < 0.43 m/s, 2 points 
for 0.44 to 0.60 m/s, 3 points for 0.61 to 0.77 m/s, and 4 
points for ≥ 0.78  m/s. Plyometric testing was performed 
in 5 sit-to-stand trials, with 1 point given for 16.70–60 s, 
2 points for 13.70–16.69 s, 3 points for 11.20–13.69 s, and 
4 points for ≤ 11.19 s. The total score for each dimension 
ranged from 0 to 4, with higher scores corresponding 
to better function, and a total score < 3 was classified as 
abnormal function [17].

Statistical analysis
Statistical analysis was performed using SPSS 24.0 soft-
ware. Frequency counts, constitutive ratios, means and 
standard deviations were used for descriptive statistics 
of general information. A logistic regression analysis 
model and a decision tree model were also established 
to compare the influencing factors of the two models. 
The decision tree model was analysed using the clas-
sification and regression tree (CART) algorithm, which 
included all independent variables in the decision tree 
model and set the minimum number of cases of the par-
ent node and child node in the parameter design to 400 
and 100, respectively, and the test level of splitting and 
merging at α = 0.05. For the logistic regression model, 
the presence or absence of cognitive impairment was 
used as the dependent variable, and the independent 
variables that were statistically significant in the one-way 
outcome analysis were used to establish the model, with 
P < 0.05 indicating a statistically significant difference. For 
the overall results and evaluation of the two models, the 
Hosmer‒Lemeshow goodness-of-fit test was used, and 
the overall correctness of the prediction, the model risk 
statistic, and the subject operating characteristic curve 
(receiver operating characteristic curve (ROC), specific-
ity, sensitivity, and Jordon’s index) were also used.
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Results and discussion
Results
Description of each indicator
A total of 12,494 questionnaires were distributed in this 
study, and 12,494 valid questionnaires were recovered, 
thus yielding a valid recovery rate of 100%. There were 
2,617 patients (20.95%) in the cognitive dysfunction 
group and 9,877 patients (79.05%) in the normal cogni-
tive function group.

Comparison of the occurrence of cognitive dysfunction 
in older people with different characteristics
Based on whether cognitive dysfunction occurred, the 
participants were divided into 2 groups: the cognitive 
dysfunction group (n = 2617) and the normal cognitive 
function group (n = 9877). The general information and 
physical and cognitive functions of the 2 groups were 
compared. There were no statistically significant differ-
ences in the occurrence of cognitive dysfunction based 
on sex or smoking status (P > 0.05). There were dif-
ferences in the occurrence of chronic diseases among 
participants with different ethnicities, BMIs, ages, edu-
cational attainment statuses, marital statuses, types of 
residence, residency, current work status, main economic 
sources, types of chronic diseases, long-term use of med-
ications, alcohol consumption, participation in social 
activities, exercise status, social support status, total 
scores on the Balanced Test Assessment, total scores on 
the Gait Speed Assessment, and activities of daily living 
(ADLs)(P < 0.05), as shown in Table 1.

Logistic regression analysis  When cognitive dysfunc-
tion was used as the dependent variable (no = 0, yes = 1), 
the following 18 factors were statistically significant in 
the one-way analyses and were subsequently entered into 
the two-way logistic regression model as independent 
variables: ethnicity, BMI, age, educational attainment, 
marital status, type of residence, residency, current work 
status, main economic sources, type of chronic disease, 
long-term use of medications, alcohol consumption, 
participation in social activities, whether or not one 
exercised, social support, total scores on the Balanced 
Test Assessment, total scores on the Gait Speed Assess-
ment, and activities of daily living (ADLs). Binary logis-
tic regression revealed that the following variables were 
risk factors for cognitive dysfunction in older adults: 
nationality, BMI, educational attainment, marital sta-
tus, residency, main source of income, chronic diseases, 
annual medical examination, alcohol consumption, exer-
cise status, total scores on the balanced test assessment, 
and activities of daily living (ADL) (P < 0.05). The results 
are shown in Table 2.

Decision tree modelling analysis of factors influenc‑
ing cognitive dysfunction in community‑dwelling older 
adults  The chi-square automatic interaction detec-
tion (CHAID) algorithm was used, and the significance 
level for decision tree growing branch splitting was 0.05. 
The minimum sample size of the parent node was set to 
400, and the minimum sample size of the child node was 
set to 100. If the sample size on the node did not meet 
this requirement, the node was considered the terminal 
node, and no further splitting was performed. Variables 
that were statistically significant in the dichotomous 
logistic regression analysis were included. In this study, 
a decision tree was constructed at 3 levels with 22 ter-
minal nodes, and 6 explanatory variables were screened: 
activities of daily living (ADL), total scores on the bal-
anced test assessment, educational attainment, marital 
status, age, ethnicity, and annual medical examination, 
as shown in Fig. 1.

Comparison of the decision tree model and logistic 
regression model  The ROC curves were plotted based 
on the influencing factor models established by logis-
tic regression and decision tree modelling (Fig.  2). The 
area under the ROC curve for the logistic regression 
model was 0.778 (95% CI: 0.765–0.787), with a sensitiv-
ity of 0.709 and a specificity of 0.733. The area under the 
ROC curve for the decision tree model was 0.788 (95% 
CI: 0.778–0.798), with a sensitivity of 0.656 and a speci-
ficity of 0.776. The difference in the area under the ROC 
curve of the two models was not statistically significant 
(Z = 1.414, P > 0.05), and the predictive effects were simi-
lar (see Table 3).

Discussion
Our study aimed to provide reliable evidence on the 
factors influencing the risk of developing cognitive dys-
function in older adults in Northwest China. Compared 
with previous studies, in our study, we not only used tra-
ditional statistical analyses but also introduced decision 
tree analysis to enhance the reliability of our results.

Impact of potentially modifiable risk factors on cognitive 
dysfunction in older adults
BMI and alcohol consumption are well-known poten-
tially modifiable risk factors affecting cognitive dysfunc-
tion in older adults [18], and the results of the present 
study are generally consistent with those of previous 
studies. The results of the data analysis in this study 
showed that there were significant differences between 
the cognitive dysfunction group and the normal cogni-
tive function group in terms of BMI, literacy level, and 
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Table 1  Comparison of the occurrence of cognitive dysfunction in older adults with different characteristics

Variable Cognitive dysfunction 
group (n = 2617)

Normal cognitive function 
group (n = 9877)

χ2 P

BMI 54.953 < 0.001

  Peak 170(6.5%) 351(3.6%)

  Normal 1143(43.7%) 4136(41.9%)

  Overweight (baggage, freight) 963(36.8%) 3880(39.3%)

  Obese 341(13.0%) 1510(15.3%)

Ethnicity 73.034 < 0.001

  Han ethnic group 1475(56.4%) 6177(62.5%)

  Other 63(2.4%) 358(3.6%)

  Hui ethnic group 71(2.7%) 360(3.6%)

  Kazakh ethnic group 98(3.7%) 320(3.2%)

  Uighur ethnic group 910(34.8%) 2662(27.0%)

Age 2617(21.2%) 9817(78.8%) 65.817 < 0.001

Educational attainment 123.320 < 0.001

  Illiteracy 11(0.4%) 93(0.9%)

  Secondary school 1493(57.1%) 5013(50.8%)

  Junior high school 740(28.3%) 2426(24.6%)

  High school or secondary school 267(10.2%) 1534(15.5%)

  University college 81(3.1%) 615(62%)

  Undergraduate and above 25(1.0%) 196(2.0%)

Marital status 323.415 < 0.001

  Unmarried 19(0.7%) 22(0.2%)

  Married 1928(73.7%) 8570(86.8%)

  Divorced 35(1.3%) 111(1.1%)

  Bereaved (literary) 620(23.7%) 1061(10.7%)

  Other 15(0.6%) 1131.1%)

Type of residence 27.094 < 0.001

  Rural 1708(65.3%) 6967(70.5%)

  Urban 909(34.7%) 2910(29.5%)

Residency 83.830 < 0.001

  Living alone 146(5.6%) 558(5.6%)

  Living with family 2403(91.8%) 9261(93.8%)

  Institutions for elderly care 68(2.6%) 58(0.6%)

Current work status 8.206 0.042

  Retired (from work) 34(1.3%) 184(1.9%)

  Farming 56(2.1%) 153(1.5%)

  Incumbency 2025(77.4%) 7615(77.1%)

  Profession 502(19.2%) 1925(19.5%)

Main economic source 187.916 < 0.001

  Without financial resources 88(3.4%) 363(3.7%)

  Retirement pay or pension 1485(56.7%) 6546(66.3%)

  From children 608(23.2%) 1329(13.5%)

  Income from low income 188(7.2%) 479(4.8%)

  Income from labour 248(9.5%) 1160(11.7%)

Chronic diseases 111.178 < 0.001

  Does not have 353(13.5%) 2264(22.9%)

  Does have 2264(86.5%) 7613(77.1%)

Long-term use of medications 64.003 < 0.001

  Does not have 734(28.0%) 3597(36.4%)

  Does have 1883(72.0%) 6280(63.6%)
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alcohol consumption. Accordingly, both logistic regres-
sion and decision tree models showed that literacy was 
a key risk factor for cognitive dysfunction in older adults. 
The association between a high BMI and an increased 
risk of cognitive dysfunction in the present study may 
be because a high BMI tends to be associated with an 
increased risk of cardiovascular diseases such as hyper-
tension, hyperlipidaemia, and diabetes mellitus [19–21], 
and these cardiovascular diseases may have an impact 
on the mitochondrial network system [22], which affects 
cerebrovascular oxygen sensing in the brain and can 
lead to cognitive decline. In addition, in a state of obe-
sity, adipose tissue secretes a number of inflammatory 
factors, such as interleukin-6 (IL-6) and tumour necrosis 
factor-alpha (TNF-α) [23], which may cause an inflam-
matory response in the circulatory system and adversely 
affect brain function, thereby increasing the risk of cogni-
tive decline. It has also been shown that obese individu-
als show reduced grey matter volume and thickness and 
increased white matter high-intensity loading, leading to 
grey and white matter damage, and these changes may 
lead to compromised functioning in various areas of the 

brain, including cognitive control, learning, and mem-
ory [24]. Last, we know that a high BMI is often associ-
ated with unhealthy lifestyles such as being sedentary 
and having chronic bad habits (e.g., tobacco and alcohol 
abuse) [25, 26]. These poor lifestyles may have a negative 
impact on brain health and increase the risk of cognitive 
decline.

The results of logistic regression in this study showed 
that older adults who had always consumed alcohol or 
had quit drinking alcohol had a greater risk of cognitive 
dysfunction than those who had never consumed alco-
hol. Chronic alcohol consumption can cause alcohol-
related neurotoxicity, leading to damage to nerve cells, 
which can affect cognitive function; however, by abstain-
ing from alcohol, the nervous system has the opportu-
nity to recover and repair, which in turn reduces the risk 
of cognitive impairment [27]. Although alcohol cessa-
tion may have a protective effect on cognitive function, 
interindividual differences and other factors, such as age, 
genetic factors, and the presence of chronic diseases, 
which can also have an impact on cognitive function, still 
need to be taken into account [28]. Therefore, in addition 

Table 1  (continued)

Variable Cognitive dysfunction 
group (n = 2617)

Normal cognitive function 
group (n = 9877)

χ2 P

Alcohol consumption 16.034 < 0.001

  Never 1918(73.3%) 7099(71.9%)

  Used to drink but quit 570(21.8%) 2075(21.0%)

  All the time 129(4.9%) 703(7.1%)

Whether annual medical examination 101.95 < 0.001

  No 912(34.8%) 2468(25.0%)

  Yes 1705(65.2%) 7409(75.0%)

Participation in social activities 11.427 0.010

  No 2586(98.8%) 9685(98.1%)

  1–3 days per week 25(1.0%) 109(1.1%)

  4–6 days per week 4(0.2%) 50(0.5%)

  Daily participation 2(0.1%) 33(0.3%)

Whether or not you exercise 338.575 < 0.001

  No 1228(46.9%) 2808(28.4%)

  1–3 days per week 683(26.1%) 3048(30.9%)

  4–6 days per week 246(9.4%) 1328(13.4%)

  Daily participation 460(17.6%) 2693(27.3%)

Social support 152.061 < 0.001

  Does not have 279(10.7%) 585(5.9%)

  Emotional support only 119(4.5%) 300(3.0%)

  Material support only 139(5.3%) 250(2.5%)

  Both 2080(79.5%) 8742(88.5%)

Total scores on the Balanced Test Assessment 2617(21.2%) 9817(78.8%) -31.917 < 0.001

Total scores on the Gait Speed Assessment 2617(21.2%) 9817(78.8%) -20.935 < 0.001

Activities of daily living (ADLs) 2617(21.2%) 9817(78.8%) 2646.954 < 0.001
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to alcohol cessation, comprehensive health management, 
including a balanced diet, moderate exercise, and cogni-
tive training, is important for reducing the risk of cogni-
tive impairment.

Impact of physical functioning status on cognitive 
dysfunction in older adults
The maintenance of balance is dependent on the balance-
receptive organs of the inner ear. If these receptor organs 

Table 2  Dichotomous logistic regression analysis of factors influencing cognitive dysfunction

Variable B SE Wald χ2 P OR 95% CI

Lower limit Upper limit

Constant -0.76 0.508 0.023 0.880 0.926

BMI 8.519 0.036

  Normal 0.349 0.131 7.056 0.008 1.418 1.096 1.834

  Overweight (baggage, freight) 0.180 0.079 5.234 0.022 1.197 1.026 1.396

  Obese 0.159 0.079 4.071 0.044 1.172 1.005 1.367

Age 0.014 0.002 51.810 < 0.001 1.014 1.010 1.018

Ethnicity 22.104 < 0.001

  Other -0.200 0.064 9.682 0.002 0.818 0.721 0.929

  Hui ethnic group -0.641 0.161 15.929 < 0.001 0.527 0.385 0.722

  Kazakh ethnic group -0.249 0.148 2.840 0.092 0.779 0.583 1.041

  Uighur ethnic group -0.004 0.137 0.001 0.975 0.996 0.762 1.301

Educational attainment 109.138 < 0.001

  Secondary school -0.495 0.435 1.295 0.255 0.610 0.260 1.429

  Junior high school 0.258 0.247 1.095 0.295 1.294 0.798 2.099

  High school or secondary school 0.835 0.247 11.429 < 0.001 2.305 1.420 3.741

  University college 0.325 0.253 1.653 0.199 1.384 0.843 2.2712

  Undergraduate and above 0.163 0.273 0.357 0.550 1.177 0.689 2.012

Marital status 61.220 < 0.001

  Married 1.502 0.505 8.840 0.003 4.490 1.668 12.083

  Divorced 0.404 0.325 1.541 0.215 1.497 0.792 2.831

  Bereaved (literary) 0.786 0.393 3.994 0.046 2.195 1.015 4.744

  Other 0.926 0.329 7.898 0.005 2.523 1.323 4.811

  Type of residence 0.241 0.068 12.632 < 0.001 1.272 1.114 1.453

Residency 11.900 0.003

  Living with family -0.878 0.255 11.808 < 0.001 0.416 0.252 0.686

  Institutions for elderly care -0.704 0.240 8.587 0.003 0.495 0.309 0.792

Main source of income 39.784 < 0.001

  Without financial resources -0.307 0.161 3.647 0.056 0.736 0.537 1.008

  From children -0.202 0.092 4.831 0.028 0.817 0.682 0.978

  Income from low income 0.244 0.097 6.384 0.012 1.277 1.056 1.544

  Income from labour -0.033 0.126 0.070 0.791 0.967 0.755 1.238

Chronic diseases -0.405 0.707 33.890 < 0.001 0.667 0.582 0.765

Whether annual medical examination 0.318 0.057 31.457 < 0.001 1.374 1.230 1.536

Alcohol consumption 7.287 0.026

  Used to drink but quit 0.267 0.111 5.839 0.016 1.306 1.052 1.623

  All the time 0.322 0.120 7.232 0.007 1.380 1.091 1.746

Whether or not you exercise 9.095 0.028

  1–3 days per week 0.029 0.074 0.155 0.694 1.029 0.891 1.189

  4–6 days per week -0.084 0.073 1.352 0.245 0.919 0.797 1.060

  Daily participation -0.211 0.095 5.001 0.025 0.810 0.673 0.974

Total scores on the Balanced Test Assessment -0.210 0.015 189.735 < 0.001 0.810 0.787 0.835

Activities of Daily Living (ADLs) -0.029 0.001 626.743 < 0.001 0.972 0.969 0.974
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are damaged or dysfunctional, balance regulation can be 
affected, which can negatively affect cognitive function. 
The results of this study showed that older adults with 
normal balance function were 0.810 times more likely 
to have cognitive decline than were those with impaired 
somatic function. In the study by Liu et al. [29], a survey 
of 9,006 community-dwelling older adults also showed 
that somatic function was an influencing factor in 

cognitive function. A survey of 1,386 community-dwell-
ing older adults [30] showed that older adults with poor 
somatic functioning had poorer nutritional status and 
increased depression symptoms, leading to poorer cog-
nitive functioning. Therefore, it is recommended that 
caregivers in elderly care facilities focus on older people 
with impaired somatic functioning, ensure their psy-
chological well-being by increasing social support and 

Fig. 1  Decision tree model analysis of factors influencing cognitive dysfunction
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implementing psychological interventions, and improve 
their cognitive functioning by personalizing meals and 
ensuring a good nutritional status.

Consistent with previous studies, the present study 
showed that ADLs are an important imaging factor influ-
encing the onset of cognitive dysfunction in older adults. 
Normal ADLs can help delay or prevent the onset of cog-
nitive dysfunction in older adults, and impaired ability to 
perform activities of daily living can reduce an individual’s 
level of cognitive function [31]. If an individual is unable 
to perform activities of daily living independently due to 
physical impairment or loss of function, problems such as 
social isolation, fatigue and depression can occur. These 
factors may further affect an individual’s cognitive abili-
ties, such as attention, thinking flexibility and memory.

Decision tree analysis of factors influencing cognitive 
dysfunction in older adults
A decision tree has a structure similar to a folded graph 
and is capable of extracting classification rules from 

irregular situations. It compares the attribute values of 
each internal node, determines the branches below the 
node, and draws classification conclusions for the leaf 
nodes. To make our results more credible and robust, 
we further performed decision tree analysis based on the 
CHAID algorithm. In this study, the decision tree model 
was used as an intuitive and interpretable way to deter-
mine that low ability to perform activities of daily liv-
ing (ADLs), low scores on the Balance Test Assessment, 
low literacy, old age, Uyghur ethnicity, annual physi-
cal examination, and widowed status are important risk 
factors for cognitive impairment in older adults. In par-
ticular, activities of daily living are the most critical risk 
factors for the development of cognitive impairment in 
old age. In elderly patients with cognitive dysfunction 
and daily self-care deficits, the risk of cognitive dysfunc-
tion is relatively high in poor balance, especially in wid-
owed elderly individuals, who are most likely to develop 
cognitive dysfunction. Therefore, based on the results of 
this study, it is recommended that managers take a start-
ing point in preventing cognitive dysfunction in older 
adults by improving their ability to perform activities of 
daily living and understanding the cultural background, 
education and cognitive stimulation experiences of older 
adults. The early warning mechanism for the risk of falls 
among older people in the community should be gradu-
ally improved, and prevention and intervention in terms 
of awareness of healthy eating among older people should 

Fig. 2  ROC curves for the logistic regression and decision tree models

Table 3  Comparison of the classification effects of the logistic 
regression and decision tree models

Model AUC​ SE P 95% CI

Logistic regression 0.778 0.005 0.000 0.765–0.787

Decision tree 0.788 0.005 0.000 0.778–0.798
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be strengthened to reduce the incidence of cognitive dys-
function among older people.

The results of this study indicate that Han people are 
more prone to cognitive impairment than ethnic minori-
ties are. In fact, cognitive impairment is not a specific 
issue for a particular ethnic group or ethnicity but rather 
a common physical and mental health problem. The rea-
son for this may be that the Han population is large, so 
the number of patients among the Han population is rel-
atively high. Moreover, with the increasing ageing popu-
lation, the risk of cognitive impairment among elderly 
people is increasing, and the elderly population in China 
is becoming more concentrated in the Han population, 
which may also lead to cognitive impairment being more 
common among the Han population. However, this does 
not mean that ethnic minorities are not at risk of cog-
nitive impairment. According to the literature, Uyghur 
people and other ethnic minorities prefer heavy oil, salt, 
and sweets in their diet [32]. A high-salt and high-oil 
diet is closely related to the occurrence of chronic dis-
eases, which increase the risk of chronic diseases such as 
hypertension, diabetes and high cholesterol among eth-
nic minorities, while elderly people with chronic diseases 
are more likely to suffer from cognitive impairment [33]. 
Therefore, the occurrence of cognitive impairment is a 
complex problem that is closely related to multiple fac-
tors, such as human genetics, environment, lifestyle, and 
health status, and is not directly related to ethnic identity.

The results of this study suggest that the experience of 
widowhood can negatively affect cognitive function in 
older adults, consistent with the findings of Chen et  al. 
[34]. Widowhood can cause psychological stress and 
emotional distress, which can negatively affect cognitive 
function, and long-term emotional states such as sad-
ness, anxiety, and depression may interfere with the nor-
mal functioning of the brain and lead to problems such as 
poor concentration and memory loss [35]. Second, wid-
owhood may also cause lifestyle changes, such as changes 
in eating habits, sleep quality, and social activities [36]. 
Poor lifestyle habits can lead to physical health problems 
such as cardiovascular disease and metabolic disorders, 
which are also associated with decreased cognitive func-
tion. In addition, widowed individuals may face a lack of 
social support networks and a lack of intimacy and emo-
tional support. Social activities and interpersonal rela-
tionships play important roles in the maintenance and 
promotion of cognitive function. Notably, widowhood 
itself does not necessarily lead to cognitive dysfunction. 
Because everyone’s situation and coping style are dif-
ferent, the research team recommends that older adults 
who have experienced widowhood reduce their risk of 
cognitive decline by seeking social support, maintaining a 
positive mindset, and maintaining a healthy lifestyle.

Conclusions
This study is the first to investigate the risk factors for cog-
nitive dysfunction in older adults in Northwest China. 
Despite some limitations, there are some valuable refer-
ences. First, traditional risk factors such as physical inactiv-
ity, living alone, and Han ethnicity had a significant impact 
on the increased risk of cognitive dysfunction associated 
with older adults in Northwest China. Second, potentially 
modifiable risk factors such as obesity and excessive alcohol 
consumption had a significant effect on the increased risk 
of cognitive impairment among older adults in Northwest 
China compared with other healthy older adults. More 
importantly, we used a decision tree model to analyse and 
emphasize the role of six factors, namely, activities of daily 
living (ADL), total scores on the Balanced Test Assessment, 
educational attachment, marital status, age, ethnicity, and 
annual medical examination, in the management and 
assessment of cognitive impairment in elderly individuals 
in Northwest China in the future. Our study used a deci-
sion tree model, which is different from traditional statisti-
cal methods. Decision tree modelling is a simple, intuitive 
and practical hierarchical approach that can help health 
care professionals make risk-based decisions more effec-
tively. Therefore, it is worthwhile to promote this model 
in future medical research. In addition, we plan to expand 
the sample size and introduce new indicators to assess cog-
nitive dysfunction in elderly individuals. Through these 
efforts, we will further enrich and strengthen our theories 
for better prevention and management of this disease. This 
will help promote research and practice in the field of cog-
nitive health in the elderly population and provide a more 
reliable basis for relevant decision-making.

Limitations
The present study was only a cross-sectional study, which 
did not allow for causal interpretation, and future in-
depth longitudinal studies could be conducted to further 
understand the trajectory of factors influencing cognitive 
dysfunction in older adults. Despite these limitations, 
our study has at least two noteworthy strengths. First, 
we used a large sample size, which, along with the small 
amount of missing data encountered, gives us enough 
confidence to believe that we did not miss any impor-
tant information. Second, our study used a decision tree 
model, which possesses simple, intuitive, and hierarchical 
features that help health care professionals make more 
effective risk-based decisions.
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